METHODS
This study was approved by the University of Calgary Conjoint Health Research Ethics Board. Referrals to the UNC were accepted from physicians in the City of Calgary as well as other areas of Southern Alberta and Southeastern British Columbia, Canada, comprising an estimated catchment of more than 1.9 million people. 7 The clinic was initially held at one hospital site, and expanded to a second hospital site after the eighth year of operation. Each site is staffed with one registered nurse and one booking clerk and holds five to seven half day clinics weekly.
All referrals were screened by two neurologists over the ten year study period (WM and AH). Referred patients were declined (excluded) if they: 1) were deemed to need emergent assessment (the referring physician was advised to send the patient to the emergency room (ER)), 2) had recently seen a neurologist, 3) were current hospital inpatients, 4) had neurosurgical, traumatic or chronic neurological conditions, typical Bell palsy, or headache with normal cranial imaging 5) were referred for Workers' Compensation Board or second opinions. For the first nine years of clinic operation, declined referrals were returned to the referring physician with a list of general neurologists in our city with the shortest waiting lists. In the tenth year, our department initiated a central triage system for general neurology referrals; if UNC referrals are judged inappropriate by the triaging neurologist because they are not urgent, they are now often redirected as appropriate through this system to be seen by a neurologist, but not in the UNC. For those patients who were already followed by a neurologist, even for a different problem, referrals were declined and the patient's neurologist contacted directly.
1) Clinic growth and sustainability
Referral and assessment records for the first ten years of clinic operation were compiled in a clinic database after each patient's first visit to the UNC by the same experienced clinic nurse (JW). We reviewed this database retrospectively for: annual growth in referrals, rates of rejected referrals, and referral source. Time from referral to assessment (in working days) was calculated. This information was available for the initial assessment, but not for followup visits.
A random selection of 300 family physicians was surveyed prior to UNC opening; 279 of the same physicians were surveyed one year after opening regarding satisfaction with regional access to urgent neurological assessment.
2) Neurological Diagnoses in the UNC
To characterize the different neurological problems encountered in the UNC, post-assessment diagnoses were listed and counted using Microsoft Excel (Redmond, WA). Etiologically related diagnoses were grouped together (e.g. "stroke", "intracerebral hemorrhage" grouped as "cerebrovascular disease"); diagnoses which could not be assigned an etiological category but based on the presenting features were also grouped (e.g. "paresthesias", "leg weakness" grouped as "sensorimotor disturbance", and "loss of consciousness" for those events without a specific diagnosis such as seizure or syncope; see Supplemental Table) .
Referring (i.e. pre-assessment, referral diagnosis) and postassessment (neurologic diagnosis after initial neurologist's assessment) diagnoses were compared by one author (S.F.) for each patient visit and judged to be concordant or discordant. To be judged as discordant, referring and post assessment diagnoses needed to differ in a manner which was expected to impact care; for instance, many patients were referred with undifferentiated symptoms for neurological assessment, such as headache or numbness. For those cases in which a specific diagnosis was made (e.g. a referral for headache in which a diagnosis of migraine was made, or a referral with "hand numbness" diagnosed as "ulnar neuropathy at the elbow" or as "C8 radiculopathy") diagnoses were judged to be discordant. Similarly, those patients referred with "blackouts" with a postassessment diagnosis of "seizure" or "epilepsy" were judged to have discordant diagnoses. These data were tabulated on an annual basis for each diagnostic category.
3) Resource use
Emergency room charts listing neurological diagnoses were reviewed for two months prior to the clinic opening in September 2000 (September 1999, March 2000) and after opening (March 2001, September 2001). The number of ER patients with neurological diagnoses and number of referrals from family physicians and emergency physicians for neurology consults in the ER were compared before and after clinic opening. Data were also collected from a quality improvement initiative that ran in our centre prior to clinic opening (July 1 -Sept 14, 2000) and after clinic opening (Sept 16, 2000 -Feb 28, 2001) to assess the reason for admission of neurological patients; the weekly number of hospital admissions 'for investigation' over these 10 weeks prior to and 22 weeks after UNC opening were compared. The proportion of patients requiring hospital admission was analyzed.
In the UNC, assessing neurologists ordered investigations for patients as deemed appropriate, and if studies were required urgently the neurologist or clinic staff would contact the diagnostic imaging, clinical neurophysiology or other department directly to expedite testing; obtaining such expedited testing is rarely a problem. When magnetic resonance imaging (MRI) was requested, the urgency of the request was recorded. We examined the number of referrals requested on an urgent (<1 week) basis; prior to clinic opening such referrals would often have resulted in emergency room consultation and hospital admission for investigation; we estimated the hospital admission days prevented using this information. We assessed the time elapsed before MRI completion for urgent MRI requests between 2006-2010, and for all requests in 2010.
RESULTS

1) Clinic growth and sustainability
Annual referral and assessment data is summarized in Table  1 . The number of referrals rose sharply (33.8%) after the first year of clinic operation and have slowly grown over the intervening decade. The proportion of rejected referrals, based on exclusion criteria, remained at 40-50% annually. Family physicians in the community and emergency room physicians made the majority of referrals to the UNC, with a small proportion (3.7%) referred by specialists. There were 2243 individual physicians that referred patients to the UNC; of these 855 referred three or more patients.
In total, in the ten years of initial clinic operation, 25145 referrals were received, and 12460 of these patients were assessed in the UNC. Mean patient age has remained consistent, with an overall mean of 44.1 years (standard deviation (sd) 16.8).
The UNC visits took place, on average, 3.8 working days after referral (sd 3.3 days, interquartile range 2-5 days). Fiftyseven percent of patients (N=7072) met the UNC referral mandate of assessment within three working days; the patients not meeting the mandate were assessed on average within 6.3 days (sd 3.5). Average patient age was 44.1 (sd 16.8); annualized demographics are shown in Table 1 . Of 300 surveys sent to regional family physicians, 60 were returned (20% response rate); of 279 surveys distributed one year after clinic opening, 59 were returned (21.1% response rate). The proportion of respondents reporting dissatisfaction with obtaining urgent neurology assessments was reduced between pre-opening (83.3%) and post-opening (41.9%) periods, while those reporting they were satisfied or very satisfied rose from 11.7% to 43.6%.
2) Neurologic Diagnoses in the UNC
Diagnoses made after initial assessment by the UNC neurologists are summarized in the Figure; they consisted largely of seizure, headache and craniofacial pain, as well as varied causes of dizziness and syncope. 11919 of the 12460 UNC assessments had pre-and post-visit diagnosis data suitable for diagnosis categorization and comparison for concordance. Of these, 6559 (55.4%) were concordant (i.e. the referral diagnosis and neurologist's diagnosis agreed) and 5282 (44.6%) were discordant (i.e. UNC visit resulted in a significant change in neurologic diagnosis); this proportion was relatively stable every year. The rate of discordant pre-and post-assessment diagnoses varied considerably by diagnostic categories, from more than 70% (psychiatric disturbances, nervous system infections, movement disorders) to 30% or less (cranial neuropathy, seizures).
3) Resource use
Discharge records from the emergency department showed fewer emergency room neurological assessments after clinic opening (45 vs. 70, 35.7% reduction; Table 2 ). The quality improvement program determined a rate of 4.4 weekly neurological admissions 'for investigation' in the period prior to clinic opening and 2.2 weekly admissions in the period after opening (50% reduction). The assessing neurologist deemed that hospital admission was indicated for 250 patients (2.0%) over ten years; the annual proportion of patients requiring admission remained stable.
Over 
CONCLUSIONS
The UNC at the University of Calgary has been successful in meeting a clinical need for urgent neurological assessment, and in maintaining an excellent waiting time (3.8 working days) for the large volume of patients who met clinic admission criteria. The UNC is unique within our catchment area of more than 1.9 million Canadians, which has grown by 22.9% in the study period. 7 More than 25000 referrals have been made by more than 2000 different physicians in this time frame, and more than 12000 patients seen. The UNC has grown from one to two hospital sites in our city, each with five to seven weekly half day clinics, and from 12 to 27 neurologists. The number of new assessments continues to increase annually, with attendant demand on clinic resources. In spite of this gradual rise in referrals, the rejection rate has not diminished, and ongoing work is required to direct non-urgent referrals to general neurology clinics and others to our local stroke prevention clinic as appropriate, and to educate referring physicians about UNC referral criteria. A central triage system for general neurology referrals was initiated in the tenth year of UNC operation; prior to this (during the study period) general neurology referrals outside of UNC would take up to one year to be seen (A Hanson, personal communication July 2013). It is our hope that the central triage process will streamline assessments for non-urgent neurological problems; general neurology referrals not appropriate for UNC are now triaged for assessment in either less than 4 weeks, 4-12 weeks, or more than 12 weeks (KD Busche, personal communication July 2013).
Outpatient services like UNC may help relieve burden on hospital resources 5 and save emergency department bed time 6 . Avoidable admissions to hospital constitute a considerable healthcare expense, and in some studies have comprised up to 26% of neurological admissions; of these nearly 1/3 may be appropriate for outpatient assessment. 8 Despite this, there are few descriptions of such services in the literature. Specialized clinics for common neurological presentations such as a "first seizure" clinic can streamline care for such patients and result in faster confirmatory diagnostic testing and treatment of patients where appropriate. 9, 10 Though it is difficult to quantify cost effectiveness in this retrospective study, we speculate that the UNC has had a positive impact on acute care resource use in our centre. For instance, prior to UNC opening, when ambulatory patients were referred to on-call neurologists and thought to need urgent assessment, they likely would have been referred to the emergency department, and those requiring urgent investigations such as MRI would often have been admitted to hospital. On call neurologists can now arrange prompt outpatient assessment for many such patients. The rate of patients requiring hospital admission after UNC assessment for emergent problems remained low at around 2%, indicating that few emergency cases were inappropriately triaged to UNC.
In our centre, problems which most often are referred for urgent assessment and which meet referral guidelines include seizure, headache and dizziness. The Calgary Stroke Prevention Clinic provides urgent assessment for transient ischemic attack and stroke in the same geographical region, resulting in some overlap in that such patients can be referred to either clinic; cerebrovascular disease is thus likely underrepresented in our data.
Nearly half of our patients' referring and post-assessment diagnoses differed. Some neurological problems in our series were more commonly referred with alternate diagnoses, particularly psychiatric disturbances such as conversion disorder, nervous system infections, and movement disorders. Though these categories had small overall numbers of assessments, two of the three largest categories (headache / craniofacial pain, dizziness / syncope) had alternate referring diagnoses in nearly half of patients, whereas those patients with seizure were less likely to have a change in diagnosis after UNC assessment. We speculate that these patient groups benefit from prompt neurological assessment in different ways; for patients with seizure, arrangement of prompt diagnostic testing and ongoing followup may be the primary benefit, and for others urgent clinical evaluation may change the provisional diagnosis and redirect the course of investigation and treatment (e.g. for conversion disorder). The rates of disagreement in referring diagnosis and neurologists' diagnosis were comparable to those in previous reports. 11, 12 The UNC at the University of Calgary has proven feasible, efficient, and highly valued by referring physicians in our centre, and is regarded as a valuable teaching environment for medical students and residents. Though response rates were low with initial physician satisfaction surveys they indicated that physicians were satisfied that access to neurological care had improved as a result of clinic opening. Informal feedback from patients and physicians continues to be positive. Our study has shown that it is possible to sustain the effort of running such a clinic over a long period of time and to maintain this clinic with a high standard of care. Expedited investigations including neuroimaging and neurophysiological studies were feasible in our model and there were few referrals requiring redirection to acute care for hospital admission. This model of an urgent assessment clinic may be effective in reducing the burden of emergency department assessments and hospital admissions for neurological investigation.
